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ຊ࿦จͰѻ͏දهΛ͍͔ͭ͘ಋೖ͢Δɽ·ͣ n࣍ݩͷϕΫτϧ (v1, . . . , vi, . . . , vn)T ͔
Β i൪໨ͷཁૉ vi Λআ͍ͨ n − 1࣍ݩͷϕΫτϧΛ v−i = (v1, . . . , vi−1, vi+1, . . . , vn)T
ͱఆٛ͠ɼϕΫτϧͷ૊ (v¯i,v−i)Λ
ɹ (v¯i,v−i) = (v1, . . . , v¯i, . . . , vn)T
ͱఆٛ͢Δɽ
ଓ͍ͯɼn࣍ݩͷϕΫτϧͰ͢΂ͯͷ੒෼͕ 0Ͱ͋ΔϕΫτϧΛ 0n ͱදه͢Δɽ·ͨɼ
n×mܕߦྻͰશͯͷཁૉ͕ 0Ͱ͋ΔߦྻΛ On×m Ͱදه͠ɼ1͔Β੔਺ n·Ͱͷ੔਺
ͷू߹Λ [n] = {1, . . . , n}ͱදه͢Δɽ
·ͨɼb,v ∈ Rn ʹ͓͍ͯɼ
∀i ∈ [n], bi ≥ vi
Ͱ͋ΔࣄΛ b ≥ v ͱදه͠ɼ
∀i ∈ [n], bi > vi












































͜͜Ͱɼސ٬ͷू߹ΛN = [n]ɼىۀՈ͕ͱΔࣄͷग़དྷΔઓུͷू߹Λ S0ɼސ٬ i ∈ N
͕ͱΔࣄͷग़དྷΔઓུͷू߹Λ Si ͱ͠ɼશͯͷϓϨΠϠʔͷઓུͷ૊ΛूΊͨू߹Λ
S =∏ni=0 Si ͱఆٛ͢Δɽ
ϓϨΠϠʔͷؼ݁ͱ͸ɼϓϨΠϠʔ͕Ϋϥ΢υϑΝϯσΟϯάʹࢀՃͨ݁͠ՌΛࢦ͢ɽ
ྫ͑͹ɼϦϫʔυܕΫϥ΢υϑΝϯσΟϯάʹ͓͍ͯɼސ٬ͷؼ݁ͱ͸ɼىۀՈʹΑͬͯ
ੜ࢈͞ΕΔࡒͷׂ౰Λࢦ͢ɽىۀՈͷؼ݁શମ͔ΒͳΔू߹Λ X0 ͱ͠ɼސ٬ i ∈ N ΁ͷ
ؼ݁શମ͔ΒͳΔू߹Λ Xi ͱ͢Δɽ͜͜Ͱɼx0 ∈ X0 ͰىۀՈͷؼ݁Λද͠ɼxi ∈ Xi Ͱ
ސ٬ i ∈ N ͷؼ݁Λද͢ɽ͞ΒʹɼશϓϨΠϠʔͷؼ݁ͷ૊Λ (x0, . . . , xn)Ͱද͠ɼશ
ϓϨΠϠʔͷؼ݁ͷ૊ΛूΊͨू߹Λ X = ∏ni=0 Xi ͱ͢Δɽ֤ϓϨΠϠʔͷઓུͷ૊Λ
ೖྗͱ͠ɼ֤ϓϨΠϠʔͷؼ݁ͷ૊Λग़ྗ͢Δؔ਺ R˜M : S → X Λؼ݁ϝΧχζϜͱఆ
ٛ͢Δɽ
·ͨɼސ٬ i ∈ N ͷࢧ෷͍શମ͔ΒͳΔू߹Λ Ti ͱ͠ɼސ٬ i ∈ N ͷࢧ෷͍Λ ti ∈ Ti
Ͱද͢ɽ͞Βʹɼશͯͷސ٬ͷࢧ෷͍Λɼ(t1, . . . , tn)T Ͱද͠ɼશͯͷސ٬ͷࢧ෷͍શମ
ͷू߹Λ T = ∏i∈N Ti ͱ͢Δɽ֤ϓϨΠϠʔͷઓུΛೖྗͱ͠ɼ֤ϓϨΠϠʔͷࢧ෷͍
Λग़ྗ͢Δؔ਺ P˜M : S → T Λࢧ෷͍ϝΧχζϜͱఆٛ͢Δɽ
Ҏ্Λ༻͍ͯɼΫϥ΢υϑΝϯσΟϯάϝΧχζϜΛ࣍ͷ༷ʹఆٛ͢Δɽ
ఆٛ 2.2. Ϋϥ΢υϑΝϯσΟϯάϝΧχζϜ (CF ϝΧχζϜ) ͸ɼؼ݁ϝΧχζϜ









s.t. As ≥ b,
s ≥ 0nɽ
͜͜Ͱɼ A ∈ Rm×n+ , c ∈ Rn, b ∈ Rm ͸ఆ਺ɼs ∈ Rn ͸ܾఆม਺Ͱ͋Δͱ͢Δɽ
ఆٛ 2.3. ෆ౳ࣜܥ
As > b, s > 0n
Λຬͨ͢ s ∈ Rn Λ ⟨P ⟩ͷ಺఺ڐ༰ղͱఆٛ͠ɼ͜ͷ ⟨P ⟩ͷ಺఺ڐ༰ղͷू߹ P Λ
P = { s ∈ Rn | As > b, s > 0n }
ͱ͢Δɽ




s.t. ATu ≤ 0n
u ≥ 0mɽ
ࣜ (1)Ͱఆٛ͢Δɼ͜ͷ ⟨DP ⟩ͷղू߹ͷ෦෼ू߹Λ D ͱݺͿɽ
D = {u ∈ Rm|bTu ≥ 0, ATu ≤ 0n,u ≥ 0m,u ̸= 0m} . (1)
P ͱ D ͷؒʹ͸࿬ͱଜদ [7] ʹΑͬͯҎԼͷೋऀ୒Ұͷఆཧͱݺ͹ΕΔؔ܎͕ࣔ͞Ε
͍ͯΔɽ
ఆཧ 2.1. P ͱ D ʹ͍ͭͯৗʹͲͪΒ͔Ұํ͕ඞͣ੒Γཱͭɽ
1. P = ∅ =⇒ D ̸= ∅ɽ













ΔɽىۀՈ͸࣍ͷΑ͏ͳࣄۀίετ I ͱੜ࢈ίετ cΛ࣋ͭɽ
ࣄۀίετ I ∈ R+: ىۀՈ͕ࣄۀΛ࢝ΊΔͨΊʹඞཁͱ͢Δίετɽ
ੜ࢈ίετ c ∈ [0, 1): ىۀՈ͕ࡒΛ 1ͭੜ࢈͢ΔͨΊʹඞཁͱ͢Δίετɽ
͜͜ͰɼىۀՈ͕ϓϥοτϑΥʔϜʹਃࠂ͢Δࣄۀίετͱੜ࢈ίετͷ૊ΛूΊͨ༗ݶ




(I∗, c∗) ∈ KΛ༻͍ͯද͢ɽ
ސ٬ͷू߹Λ N = [n]ͱ͠ɼ֤ސ٬ i ∈ N ͸ࣄۀʹର͢ΔධՁΛ͍࣋ͬͯΔɽ͜͜Ͱ
͸ɼސ٬ iͷࣄۀ΁ͷධՁΛ vi ∈ { 0, 1 }ͱఆٛ͢Δɽશͯͷސ٬ͷධՁΛද͢ϕΫτϧ
v = (v1, . . . , vn)T ͱ͠ɼ͜ΕΛධՁϕΫτϧͱݺͿɽ͜ͷධՁϕΫτϧͷऔΓಘΔ஋શ
ମͷू߹Λ V = {0, 1}n ͱ͢Δɽ·ͨɼސ٬ i ∈ N ͸ࣄۀ΁ͷࣗ਎ͷධՁΛ஌͍ͬͯΔ
͕ɼਃࠂ͢ΔධՁΛૢ࡞͢ΔࣄͰɼࣗ਎ͷརಘΛߴΊΑ͏ͱ͢Δ༠Ҽ͕͋Δɽސ٬ i ∈ N





1 if v∗i = 0
0 if v∗i = 1
ͱఆٛ͢Δɽ








1 if ސ٬ i ∈ N ʹࡒΛ 1ׂͭ౰ͯΔ
0 otherwiseɽ
͜ΕΛؼ݁ϕΫτϧͱ͍͏ɽ͜͜ͰɼϓϥοτϑΥʔϜఏڙऀ͕ىۀՈʹࣄۀΛߦ
͏Α͏ʹקࠂ͢Δ͜ͱΛɼࣄۀקࠂͱݺͿɽ֤ސ٬ i ∈ N ͕ϓϥοτϑΥʔϜ΁
ࢧ෷͏ࣄલૹۚͷֹۚͱࣄޙૹۚͷֹۚΛɼͦΕͧΕɼඇෛͷ࣮਺஋ΛͱΔม਺Λ
༻͍ͯɼtai ∈ R+, tpi ∈ R+ ͱఆٛ͢Δɽ·ͨɼશͯͷސ٬ͷࣄલࢧ෷͍Λ n ࣍ݩ
ͷϕΫτϧ ta = (ta1 , . . . , t
a
n)
T ∈ Rn+ Λ༻͍ͯද͠ɼࣄޙࢧ෷͍Λ n ࣍ݩϕΫτϧ
tp = (tp1, . . . , t
p
n)
T ∈ Rn+ Λ༻͍ͯද͢ɽ͞ΒʹɼϕΫτϧͷ૊ (ta, tp)Λ෼ׂϕΫτϧͱ
ݺͼɼtͰද͢ɽؼ݁ϕΫτϧ xͱ෼ׂϕΫτϧ tͷ૊Λׂ౰ a = (x, t)ͱఆٛ͢Δɽ
RolandͷϞσϧͰ͸ɼΫϥ΢υϑΝϯσΟϯά͸ҎԼͷΑ͏ʹ਱ߦ͞ΕΔɽ
step 1 ىۀՈ͕ίετ (I, c) ∈ KΛϓϥοτϑΥʔϜʹਃࠂ͢Δɽ
step 2 ֤ސ٬ i ∈ N ͸ϓϥοτϑΥʔϜʹධՁ vi ∈ {0, 1}Λਃࠂ͢Δɽͨͩ͠ɼސ٬
͸ىۀՈͷਃࠂͨ͠ίετΛ஌Δ͜ͱ͸Ͱ͖ͳ͍ࣄʹ஫ҙ͢Δɽ
step 3 ϓϥοτϑΥʔϜ͸ىۀՈʹࣄۀקࠂ x0 ∈ {0, 1}Λਃࠂ͢Δɽ
step 4
• x0 = 0ͳΒ͹,ϓϥοτϑΥʔϜʹΑΔૹۚ T ͸ 0ͱͳΔɽ͢ͳΘͪɼىۀ
Ո͸ࣄۀΛߦΘͳ͍ɼސ٬͸ϓϥοτϑΥʔϜʹԿ΋ࢧ෷Θͳ͍ɽ









֤ސ٬ i ∈ N ͸ϓϥοτϑΥʔϜʹ tai ͚ͩૹۚΛߦ͏ɽ
step 5 ࣍ͷॲཧ͸ɼx0 = 1ͷͱ͖ͷΈߦΘΕΔɽ
1. ىۀՈ͕ࣄۀΛߦ͏ͳΒ͹ɼϓϥοτϑΥʔϜ͸֤ސ٬ i ∈ N ʹରͯ͠ɼࡒͷ
෼഑ xi ∈ {0, 1}Λܾఆ͠ɼىۀՈʹ xΛૹ৴͢Δɽ

















ͱఆٛ͢Δɽ·ͨɼސ٬ i ∈ N ͷརಘ͸ɼධՁ͍ͯͨ͠ࡒΛಘͨޮ༻͔Βࢧ෷͍ΛҾ͍ͨ
΋ͷͱ͢Δɽ͢ͳΘͪɼސ٬ i ∈ N ͷརಘΛ
v∗i xi − (tai + tpi )
ͱఆٛ͢Δɽ














(v∗i − c∗)xi − I∗x0
ͱͳΔɽ
3.1.1 Ϋϥ΢υϑΝϯσΟϯάϝΧχζϜ
Roland ͷϞσϧʹ͓͚Δ CFM ʹ͍ͭͯઆ໌͢ΔɽىۀՈͷͱΔࣄ͕ग़དྷΔઓུͷ
ू߹͸ɼਃࠂͰ͖Δίετͷू߹ K Ͱ͋Γɼސ٬ i ∈ N ͷͱΔࣄ͕ग़དྷΔઓུͷू
߹͸ {0, 1} Ͱ͋Γɼશͯͷސ٬ͷઓུͷ૊શମͷू߹͸ V = {0, 1}n Ͱ͋ΔɽΑͬͯɼ
શͯͷϓϨΠϠʔͷઓུશମͷू߹͸ K × V Ͱ͋Δɽ·ͨɼશͯͷϓϨΠϠʔͷؼ݁
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શମͷू߹͸ {0, 1}n+1 Ͱ͋Γɼશͯͷސ٬ͷࢧ෷͍Λද͢ࢧ෷͍શମΛද͢ू߹͸
Rn+ × Rn+ Ͱ͋ΔɽैͬͯɼCFM ͸ ؼ݁ϝΧχζϜ R˜M : K × V → {0, 1}n+1 ͱࢧ෷
͍ϝΧχζϜ P˜M : K × V → Rn+ × Rn+ ͷ૊ͱͳΔɽࠓޙɼࢧ෷͍ϝΧχζϜΛ෼ׂϝ
ΧχζϜͱݺͿɽؼ݁ϝΧχζϜʹೖྗ ((I, c),v)Λ༩͑ͨࡍͷग़ྗΛ R˜M((I, c),v)ͱ
දه͢Δɽಉ༷ʹɼ෼ׂϝΧχζϜʹೖྗ ((I, c),v) Λ༩͑ͨࡍͷग़ྗΛ P˜M((I, c),v)
ͱ͠ɼސ٬ i ∈ N ͷࣄલૹۚΛ P˜Mai ((I, c),v)ɼࣄޙૹۚΛ P˜M
p
i ((I, c),v) ͱ͢Δɽ





߹ K ͱސ٬ͷू߹ N , ىۀՈͷਅͷίετ (I∗, c∗), ސ٬ͷਅͷධՁ v∗ ͱ CFM ͷ૊
(K,N , (I∗, c∗),v∗,CFM)Λ༻͍ͯɼΫϥ΢υϑΝϯσΟϯάΛද͢ɽ
࣍ʹ CFM ʹ๬·ΕΔੑ࣭ʹ͍ͭͯఆٛ͢Δɽ·ͣɼCFM ͷग़ྗ͢Δׂ౰ʹ͓͍ͯɼ
࣍ͷΑ͏ͳ࣮ߦՄೳੑʹ͍ͭͯߟ͑Δɽ









i ((I, c),v) + P˜M
p



















ఆٛ 3.3. ύϨʔτ࠷దͳؼ݁ϝΧχζϜ R˜M
∗




























ఆٛ 3.4. ىۀՈͷਅͷίετ (I∗, c∗)ʹର͠ɼىۀՈ͕ίετ (I, c) ∈ KΛਃࠂ͠ɼސ
٬͕ v Λਃࠂͨ͠ࡍͷىۀՈͷརಘΛࣜ (5)Ͱఆٛ͢Δɽ

















ग़དྷͳ͍ɽͦͷͨΊɼརಘͷظ଴஋Λߟ͑ͯਃࠂ͢Δίετ (I, c) ∈ KΛܾఆ͢Δɽىۀ
Ոͷظ଴རಘؔ਺Λఆٛ͢ΔͨΊʹඞཁͳॾఆٛΛߦ͏ɽ
ఆٛ 3.5. ϓϥοτϑΥʔϜఏڙऀʹରͯ͠ɼධՁϕΫτϧ v ͕ਃࠂ͞ΕΔ֬཰Λ π(v)




τϧ v ͷू߹Λ V (T |(I, c)) = {v ∈ V|∑i∈N P˜Mai ((I, c),v) = T ∧ R˜M0((I, c),v) = 1}
ͱఆٛ͢Δɽ·ͨɼίετ (I, c) ∈ K ͕ਃࠂ͞Εͨͱ͖ɼࣄલૹۚ T = ∑i∈N tai ∈ R+
͕ୡ੒͞ΕΔ֬཰ P Λ






ߋʹɼىۀՈ͕ίετ (I, c) ∈ KΛਃࠂ͠ɼࣄલૹۚ T ∈ R+ ͕ୡ੒͞Εͨͱ͖ɼධՁ
ϕΫτϧ͕ v ∈ V Ͱ͋Δ֬཰Λ
η(v|T, (I, c)) =
{
π(v)
P (T |(I,c)) if v ∈ V (T |(I, c))
0 otherwise
ͱఆٛ͢Δɽ
ఆٛ 3.6. ىۀՈͷਅͷίετ (I∗, c∗)ʹର͠ɼىۀՈ͕ίετ (I, c) ∈ KΛਃࠂ͠ɼࣄલ
ૹۚ T Λಘͨͱ͖ɼࣄۀΛߦͬͨىۀՈ͕ಘΔظ଴རಘΛදؔ͢਺Λࣜ (7)Ͱఆٛ͢Δɽ
Π¯0(T |(I, c), (I∗, c∗)) =
∑
v∈V (T |(I,c))
η(v|T, (I, c))Π((I, c),v|(I∗, c∗))ɽ (7)
ϞϥϧϋβʔυΛىͨ͜͠৔߹ͷརಘΛ࣍Ͱఆٛ͢Δɽ
ఆٛ 3.7. ىۀՈ͕ࣄલૹۚ T Λಘͨͱ͖ɼ࣋ͪಀ͛ͯ͠ಘΔརಘΛ͋Δ α ∈ [0, 1]Λ༻
͍ͯ αT ͱఆٛ͢Δɽ͜͜Ͱɼα͸ࣄલૹۚ T ͔Βൺ α෼͚ͩ࣋ͬͯಀ͛Δࣄ͕ग़དྷΔ
ׂ߹Λද͠ɼ͜ͷ αͷ஋͸ىۀՈͷΈ͕஌ΓಘΔͱ͢ΔɽࠓޙɼϞϥϧϋβʔυΛߟྀ͠
ͨΫϥ΢υϑΝϯσΟϯάΛ (K,N , (I∗, c∗),v∗,α,CFM)ͱද͢ɽ
step 4Ͱࣄલૹۚ T ΛಘͨىۀՈ͸ɼࣜ (7)Ͱද͢ظ଴རಘΛܭࢉ͠ɼϞϥϧϋβʔυ
Λىͨ͜͠৔߹ͷརಘͱൺֱ͢ΔࣄͰɼࣄۀΛߦ͏͔ϞϥϧϋβʔυΛى͔͜͢Λܾఆ͢
Δɽࣄલૹۚʹؔͯ͠ɼ࣍Λఆٛ͢Δɽ














ఆٛ 3.9. ਅͷධՁ͕ (I∗, c∗)Ͱ͋ΔىۀՈ͕ (I, c)Λਃࠂͨ͠ͱ͖ͷىۀՈͷظ଴རಘ
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Π¯Λࣜ (8)Ͱఆٛ͢Δɽ
Π¯((I, c)|(I∗, c∗)) =
∑
T∈τ(I,c)
P (T |(I, c))max{Π¯0(T |(I, c), (I∗, c∗)),αT}
+
∑
v∈{ v | R˜M0((I,c),v)=0 }
π(v)Π((I, c),v|(I∗, c∗))ɽ (8)
͜͜ͰɼىۀՈ͸શͯͷ v ∈ V ʹ͍ͭͯɼπ(v)Λ஌͍ͬͯΔ΋ͷ͢Δ. ىۀՈ͕߹ཧ
తͰ͋ΔͳΒ͹ɼ͜ͷ Π¯((I, c)|(I∗, c∗))Λ࠷େʹ͢Δίετ (I, c)͕ϓϥοτϑΥʔϜఏ
ڙऀʹਃࠂ͞ΕΔɽ࣍ʹސ٬ͷརಘʹ͍ͭͯఆٛ͢Δɽ
ఆٛ 3.10. ਅͷධՁ͕ v∗i Ͱ͋Δސ٬ i ∈ N ͕ධՁ vi ∈ {0, 1} Λਃࠂ͠ɼىۀՈ͕
(I, c) ∈ KɼiΛআ͘ސ٬͕ධՁϕΫτϧ v−i Λਃࠂͨ͠ࡍͷސ٬ iͷརಘΛࣜ (9)Ͱఆٛ
͢Δɽ
Ui((I, c), (vi,v−i)|v∗i ) = v∗i R˜Mi((I, c), (vi,v−i))
− (P˜Mai ((I, c), (vi,v−i)) + P˜M
p
i ((I, c), (vi,v−i)))ɽ (9)
ސ٬ i ∈ N ͕ىۀՈͷਃࠂͨ͠ίετͱଞͷސ٬ͷධՁ͕Θ͔Βͳ͍ͨΊɼࣜ (9)Λܭ
ࢉ͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ͜Ͱɼސ٬ͷظ଴རಘؔ਺Λߟ͑Δɽސ٬ i ∈ N ͸ىۀՈͷ
ਃࠂͨ͠ (I, c) ∈ K ͕Θ͔Βͳ͍ͷͰɼίετ (I, c) ∈ K ͕ਃࠂ͞ΕΔ֬཰ ρ(I, c)Ͱද
͠ɼߋʹɼv−i ∈ {0, 1}n−1 ʹ͍ͭͯɼπ′(v−i)Ͱސ٬ i ∈ N Λআ͍ͨސ٬͕ධՁϕΫτ
ϧ v−i Λਃࠂ͢Δ֬཰Λද͢ɽҎ্Λ༻͍ͯɼސ٬ iͷظ଴རಘؔ਺ΛҎԼͷΑ͏ʹఆٛ
͢Δɽ








π′(v−i)Ui((I, c), (vi,v−i)|v∗i )ɽ (10)




ఆٛ 3.12. CFM͕ࣜ (11)Λຬͨ͢ͱ͖ɼCFM͸ C–truthful Ͱ͋Δͱ͍͏ɽ
∀i ∈ N , ∀vi ∈ {0, 1}, U¯i(vi|v∗i ) ≤ U¯i(v∗i |v∗i )ɽ (11)
14
ࣜ (11)͸ɼC–truthful ͳ CFMʹ͓͍ͯɼސ٬ iͷਅͷίετ v∗i Λਃࠂ͢Δ͜ͱ͕ɼ
ސ٬ iͷظ଴རಘΛ࠷େԽ͢ΔઓུͰ͋Δ͜ͱΛҙຯ͢Δɽ
ఆٛ 3.13. CFM͕ࣜ (12)Λຬͨ͢ͱ͖ɼ CFM͸ E–truthful Ͱ͋Δͱ͍͏ɽ
∀(I, c) ∈ K, Π¯((I, c)|(I∗, c∗)) ≤ Π¯((I∗, c∗)|(I∗, c∗))ɽ (12)
ࣜ (12)͸ɼE–truthful ͳ CFMʹ͓͍ͯɼىۀՈͷਅͷίετ (I∗, c∗)Λਃࠂ͢Δ͜
ͱ͕ɼىۀՈͷظ଴རಘΛ࠷େԽ͢ΔઓུͰ͋Δ͜ͱΛҙຯ͢Δɽ
ఆٛ 3.14. CFM͕ࣜ (13)Λຬͨ͢ͱ͖ɼ CFM͸ obedient Ͱ͋Δͱ͍͏ɽ
∀T ∈ τ(I∗, c∗), Π¯0(T |(I∗, c∗), (I∗, c∗)) ≥ αT ɹ (13)
ࣜ (13)͸ɼobedient ͳ CFMʹ͓͍ͯɼىۀՈ͕ਖ਼௚ਃࠂΛߦͬͨ৔߹ɼϞϥϧϋβʔ
υΛىͨ͜͠ࡍͷརಘ͕ࣄۀΛߦͬͨ࣌ͷظ଴རಘҎԼͰ͋Δ͜ͱΛද͢ɽ



















i ((I, c),v) ≥ I∗R˜M0((I, c),v), ∀(I, c) ∈ K, ∀v ∈ V∑
i∈N (P˜M
a
i ((I, c),v) + P˜M
p
i ((I, c),v)) ≥
I∗R˜M0((I, c),v) + c∗
∑
i∈N R˜Mi((I, c),v), ∀(I, c) ∈ K, ∀v ∈ V
nR˜M0((I, c),v) ≥
∑
i∈N R˜Mi((I, c),v)∀(I, c) ∈ K, ∀v ∈ V
U¯i(vi|v∗i ) ≤ U¯i(v∗i |v∗i ), ∀i ∈ N , ∀vi ∈ {0, 1},
Π¯((I, c)|(I∗, c∗)) ≤ Π¯((I∗, c∗)|(I∗, c∗)), ∀(I, c) ∈ K,
Π¯0(T |(I∗, c∗), (I∗, c∗)) ≥ αT, ∀T ∈ τ(I∗, c∗),
U¯i(v∗i |v∗i ) ≥ 0, ∀i ∈ N ,
R˜M : K × V → {0, 1}n+1,

















δΣϯτ i ∈ [n]ͷλΠϓͷू߹ΛQiͱ͠ɼΤʔδΣϯτ iͷͱΓಘΔઓུͷू߹ΛDiͱ





ͱఆٛ͢Δɽͨͩ͠ɼD0 ͱ೚ҙͷ i ∈ [n]ʹ͍ͭͯɼ֤Di, Qi ͸༗ݶू߹Ͱ͋Δͱ͢Δɽ
16
શͯͷϓϨΠϠʔͷܾఆΛϕΫτϧ d = (d0, d1, . . . , dn)T ∈ D Ͱද͠ɼશΤʔδΣϯτ
ͷλΠϓΛϕΫτϧ q = (q1, . . . , qn)T ∈ QͰද͢ɽ
ϓϦϯγύϧͱΤʔδΣϯτͷརಘΛҎԼͷΑ͏ʹఆٛ͢Δɽ
ఆٛ 3.18. ϓϦϯγύϧͷظ଴རಘؔ਺Λؔ਺ U0 : D ×Q→ Rͱఆٛ͠ɼΤʔδΣϯ
τ i ∈ [n]ͷظ଴རಘؔ਺Λؔ਺ Ui : D ×Q→ Rͱఆٛ͢Δɽ
ϓϨΠϠʔͷܾఆ͕ d ∈ DɼΤʔδΣϯτͷλΠϓ͕ q ∈ QͰ͋ͬͨͱ͖ͷϓϦϯγ
ύϧͷظ଴རಘΛ U0(d, q)Ͱද͠ɼΤʔδΣϯτ i ∈ [n]ͷظ଴རಘΛ Ui(d, q)Ͱද͢ɽ
͜͜ͰɼPr Λ Q্ͷ֬཰ີ౓ؔ਺ͱ͠ɼΤʔδΣϯτͷλΠϓ͕ q ∈ QͰ͋Δ֬཰Λ
Pr(q)ͱදه͢Δɽ
3.2.1 ϝΧχζϜσβΠϯ
ϓϦϯγύϧɾΤʔδΣϯτϝΧχζϜͱ͸ɼؔ਺ PAM : D ×Q→ Rͷ͜ͱΛࢦ͢ɽ
ΤʔδΣϯτͷλΠϓ͕ q ∈ QͰ͋Δͱ͖ɼܾఆ d͕ߦΘΕΔ֬཰Λ PAM(d|q)Ͱද
ه͢ΔɽҎ্Λ΋ͱʹMyerson͸࣍ͷ༷ͳϝΧχζϜΛఏҊ͍ͯ͠Δɽ
ఆٛ 3.19. ϓϦϯγύϧɾΤʔδΣϯτϝΧχζϜ PAM͕ҎԼͷෆ౳ࣜܥΛຬͨ͢ͱ
͖ɼ༠Ҽཱ྆ੑΛຬͨ͢ͱ͍͏ɽ
PAM(d|q) ≥ 0, ∀d ∈ D, ∀q ∈ Q, (14)∑
d∈D










Pr(q)PAM(d|(q−i, τ¯i))Ui((d−i, δ¯i(di), q)),
∀i ∈ {1, . . . , n} , ∀τi ∈ Qi, ∀τ¯i ∈ Qi, ∀δ¯i : Di → Di
ɽ (16)
ࣜ (16)͸શͯͷΤʔδΣϯτʹͱͬͯਖ਼௚ʹࣗ෼ͷλΠϓΛਃࠂ͢Δࣄ͕࠷ྑͳઓུ
























s.t. PAM(d|q) ≥ 0, ∀d ∈ D, ∀q ∈ Q,∑
d∈D










Pr(q)PAM(d|(q−i, τ¯i))Ui((d−i, δ¯i(di), q)),








ΊɼىۀՈ͕ίετ (I, c) ∈ KΛਃࠂ͢Δ֬཰Λ ρ(I, c) = 1|K| ,ސ٬͕ධՁ v Λਃࠂ͢Δ
֬཰Λ π(v) = 12n ͱ͢Δɽߋʹɼ೚ҙͷސ٬ i ∈ N Λআ͍ͨධՁϕΫτϧ v−i ͕એݴ͞
ΕΔ֬཰Λ π′(v−i) = 12n−1 ͱ͢Δɽ
ఆٛ 4.1. CFM΁ͷೖྗͷू߹Λ S = K × V ͱ͢Δɽ·ͨɼސ٬ i͕ධՁ vi Λਃࠂ͠
͍ͯΔ CFMͷೖྗͷू߹Λ S(i, vi)ͱఆٛ͠ɼىۀՈ͕ίετ (I, c) ∈ KΛਃࠂ͍ͯ͠
Δ CFMͷೖྗͷू߹Λ S(I, c)ͱఆٛ͢Δɽ
࣍ʹɼඞཁͳߦྻΛఆٛ͢Δɽ
ఆٛ 4.2. ೖྗ β ∈ S ʹର͢Δ CFMͷग़ྗΛ (xβ , taβ , tpβ) ∈ {0, 1}n+1 ×Rn+ ×Rn+ ͱఆ
ٛ͢Δɽ͜͜Ͱɼxβ = (x0β , . . . , xnβ)
T ,taβ =
(











͠ɼtaiβ ͸ސ٬ i ∈ N ͷࣄલࢧ෷͍ͷֹۚΛද͠ɼtpiβ ͸ސ٬ i ∈ N ͷࣄޙࢧ෷͍ͷֹۚ
Λද͢ɽ
͜͜Ͱɼఆٛ͢Δ xβ , taβ , t
p
β Λ༻͍ͯɼ࣍ͷΑ͏ͳߦྻΛఆٛ͢Δɽ
ఆٛ 4.3. ߦྻ X ∈ {0, 1}(n+1)×|S| Λɼxβ ΛྻϕΫτϧͱ͢Δߦྻ
X =
(
x1, . . . ,x|S|
)
ͱఆٛ͠ɼߦྻ TA ∈ Rn×|S| Λ taβ ΛྻϕΫτϧͱ͢Δߦྻ
TA =
(




ͱఆٛ͠ɼߦྻ TP ∈ Rn×|S| Λ tpβ ΛྻϕΫτϧͱ͢Δߦྻ
TP =
(















͢ΔɽͦͷͨΊʹɼఆٛͨ͠ X,TA, TP Λ༻͍ͯɼϓϨΠϠʔͷརಘΛදݱ͢Δɽ·ͣɼ
ىۀՈͷརಘΛ X,TA, TP Λ༻͍ͯදݱ͢Δɽ
ఆཧ 4.1. ىۀՈͷਅͷίετ (I∗, c∗)ʹର͠ɼίετ (I, c) ∈ K Λਃࠂ͠,ސ٬͕ v Λ
ਃࠂͨ͠ͱ͖ɼࣄۀΛߦͬͨىۀՈͷརಘ͸ࣜ (17)ͱಉ஋Ͱ͋Δɽ












ͨͩ͠ɼβ = ((I, c),v)ͱ͢Δɽ
ূ໌. xβ , taβ , t
p
β ͷఆٛΑΓೖྗ ((I, c),v)ʹର͢Δ CFMͷग़ྗͱX,T
A, TP ͷؔ܎͸ɼ
∀i ∈ {0} ∪N , R˜Mi((I, c),v) = xiβ ,
∀i ∈ N , P˜Mai ((I, c),v) = taiβ ,
∀i ∈ N , P˜Mpi ((I, c),v) = tpiβ
Ͱ͋ΔɽىۀՈͷརಘ͸ఆٛΑΓɼ

















































− I∗x0β − c∗
∑
i∈N
xiβ ͱ͢Δɽ࣍ʹɼىۀՈͷਅͷίετ (I∗, c∗)ʹର
͠ɼίετ (I, c)Λਃࠂͨ͠ͱ͖ɼࣄۀΛߦͬͨىۀՈͷظ଴རಘΛఆٛ͢Δ͕ɼࣄલૹ
ۚ T ʹରͯ͠ɼV (T |(I, c))͕ޓ͍ʹૉͰ͋Δࣄ͕ඞཁʹͳΔɽͦͷͨΊͷূ໌Λߦ͏ɽ
ิ୊ 4.1. ىۀՈ͕ίετ (I, c) ∈ KΛਃࠂͨ͠ͱ͖ɼҎԼͷؔ܎͕੒Γཱͭɽ
∀v ∈ V , T1, T2 ∈ τ(I, c),
v ∈ V (T1|(I, c)) ∧ v ∈ V (T2|(I, c)) =⇒ T1 = T2ɽ
ূ໌. ೚ҙͷίετ (I, c) ∈ Kͱ೚ҙͷධՁϕΫτϧ v ∈ V ʹ͍ͭͯɼ
∃T1, T2 ∈ τ(I, c), T1 ̸= T2,͔ͭ v ∈ V (T1|(I, c)) ∧ v ∈ V (T2|(I, c))
ͱԾఆ͢Δɽ







i ((I, c),v) = T1 ∧ R˜M0((I, c),v) = 1
}










i ((I, c),v) = T2 Ͱ͋Δɽ͜
Ε͸ T1 ̸= T2 ʹໃ६͢Δɽ
ิ୊ 4.2. ىۀՈ͕ίετ (I, c) ∈ KΛਃࠂͨ͠ͱ͖ɼҎԼͷؔ܎͕੒Γཱͭɽ{
v ∈ V
∣∣∣˜RM0((I, c),v) = 1 } = ⋃
T∈τ(I,c)
V (T |(I, c))ɽ










∣∣∣∑i∈N P˜Mai ((I, c),v) = T ∧ R˜M0((I, c),v) = 1 }Ͱ͋ΔͨΊɼ{
v ∈ V
∣∣∣˜RM0((I, c),v) = 1 } = ⋃
T∈τ(I,c)
V (T |(I, c))
Ͱ͋Δɽ
Ҏ্ͷิ୊Λ༻͍ͯɼࣄۀΛߦͬͨىۀՈͷظ଴རಘΛߦྻ X,TA, TP Λ༻͍ͯද͢ɽ
















ূ໌. ͸͡ΊʹɼىۀՈͷਅͷίετ͕ (I∗, c∗) Ͱ͋Γɼίετ (I, c) Λਃࠂͨ͠ͱ͖ɼ
ࣄۀΛߦͬͨىۀՈͷظ଴རಘΛٻΊΔɽىۀՈͷਅͷίετ͕ (I∗, c∗)Ͱ͋Γɼίετ
(I, c)Λਃࠂͨ͠ͱ͖ͷىۀՈͷظ଴རಘ͸ɼ
Π¯((I, c)|(I∗, c∗)) =
∑
T∈τ(I,c)




π(v)Π((I, c),v|(I, c)) (19)
Ͱ͋Δɽ·ͨɼىۀՈͷਅͷίετ͕ (I∗, c∗)ʹର͠ɼίετ (I, c)Λਃࠂͨ͠ͱ͖ɼࣄ
લૹۚ T Λಘͨͱ͖ͷىۀՈͷظ଴རಘ͸ɼ
Π¯0(T |(I, c), (I∗, c∗)) =
∑
v∈V (T |(I,c))
η(v|T, (I, c))Π((I, c),v|(I∗, c∗))
Ͱ͋Γɼη ͷఆٛΑΓ
η(v|T, (I, c)) =
{
π(v)
P (T |(I,c)) if v ∈ V (T |(I, c))
0 otherwise
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Ͱ͋Δ͜ͱʹ஫ҙ͠ɼπ(v) = 12n Λ୅ೖ͠ܭࢉ͢Δͱɼ∑
T∈τ(I,c)





































Π((I, c),v|(I∗, c∗)) (20)
ͱͳΔɽࣜ (20)Λࣜ (19)ʹ୅ೖ͠ܭࢉ͢Δͱɼ
Π¯((I, c)|(I∗, c∗)) =
∑
T∈τ(I,c)























ͱͳΓɼఆཧ 4.1ͱɼىۀՈ͕ίετ (I, c)Λએݴ͍ͯ͠Δೖྗͷू߹͸ S(I, c)Ͱ͋Δ
͜ͱʹ஫ҙ͢Δͱɼ





















ࠓޙɼߦྻX,TA, TP ʹ͓͚Δɼίετ (I, c)Λએݴ͠ɼࣄۀΛ࣮ߦ͢ΔىۀՈͷظ଴
རಘΛ
Π˜X,T





















࣍ʹɼސ٬ͷརಘΛߦྻ X,TA, TP Λ༻͍ͯද͢ɽ
ఆཧ 4.3. ސ٬ i ∈ N ͷਅͷධՁ v∗i ʹରͯ͠ɼධՁ vi ∈ {0, 1}Λਃࠂ͠ɼىۀՈ͕ίε
τ (I, c)Λਃࠂͨ͠ͱ͖ͷސ٬ iͷརಘ͸ࣜ (21)ͱಉ஋Ͱ͋Δɽ
Ui((I, c), (vi,v−i)|v∗i ) = v∗i xiβ − (taiβ + tpiβ). (21)
ͨͩ͠ɼβ = ((I, c), (vi,v−i))ͱ͢Δɽ
ূ໌. ސ٬ͷརಘ͸ɼఆٛΑΓɼ
Ui((I, c), (vi,v−i)|v∗i ) = v∗i R˜Mi((I, c), (vi,v−i))
− (P˜Mai ((I, c), (vi,v−i)) + P˜M
p
i ((I, c), (vi,v−i)))
Ͱ͋Δɽxβ , taβ , t
p
β ͷఆٛΑΓೖྗ ((I, c), (vi,v−i))ʹର͢Δ CFMͷग़ྗͱ X,T
A, TP
ͷؔ܎͸ɼೖྗ β = ((I, c), (vi,v−i))Λ༻͍ͯɼ
∀i ∈ {0} ∪N , R˜Mi((I, c), (vi,v−i)) = xiβ ,
∀i ∈ N , P˜Mai ((I, c), (vi,v−i)) = taiβ ,
∀i ∈ N , P˜Mpi ((I, c), (vi,v−i)) = tpiβ
Ͱ͋ΔɽΑͬͯɼ
Ui((I, c), (vi,v−i)|v∗i ) = v∗i R˜Mi((I, c), (vi,v−i))
− (P˜Mai ((I, c), (vi,v−i)) + P˜M
p
i ((I, c), (vi,v−i)))
= v∗i xiβ − (taiβ + tpiβ)
Ͱ͋Δɽ
24
ࠓޙɼߦྻ X,TA, TP ʹ͓͍ͯ,ೖྗ β ∈ S ʹΑΔސ٬ i ∈ N ͷརಘΛ
UX,T
A,TP
i (β|v∗i ) = v∗i xiβ − (taiβ + tpiβ)
ͱ͢Δɽ


















π′(v−i)Ui((I, c), (vi,v−i)|v∗i )
⎫⎬⎭




























v∗i xiβ − (taiβ + tpiβ)
}
Ͱ͋Δɽ










v∗i xiβ − (taiβ + tpiβ)
}
ͱ͢Δɽ
ઌ΄Ͳఆٛͨ͠ߦྻ X,TA, TP Λ༻͍ͯΛ CFMͷੑ࣭Λද͢ɽͨͩ͠ɼىۀՈͷϞ
ϥϧϋβʔυΛߟྀ͠ͳ͍ҝɼobedient ੑ͸ߟྀ͠ͳ͍ɽ
25
ఆཧ 4.5. CFM ͕࣮ߦՄೳੑΛຬͨ͢ࣄͱɼߦྻ X,TA, TP ͕࣍ͷෆ౳ࣜܥΛຬͨ͢
͜ͱ͸ಉ஋Ͱ͋Δɽ ∑
i∈N




iβ) ≥ I∗x0β + c∗
∑
i∈N




xiβ , ∀β ∈ Sɽ








i ((I, c),v) + P˜M
p









Λຬͨ͢ࣄͰ͋Δɽೖྗ ((I, c),v)ʹର͢Δ CFMͷग़ྗͱ X,TA, TP ͷؔ܎͸ɼ
∀i ∈ {0} ∪N , R˜Mi((I, c),v) = xiβ ,
∀i ∈ N , P˜Mai ((I, c), (v) = taiβ ,
∀i ∈ N , P˜Mpi ((I, c), (v) = tpiβ
Ͱ͋ΔͨΊɼࣜ (23)ɼࣜ (24)ɼࣜ (25)ʹ୅ೖͯ͠∑
i∈N




iβ) ≥ I∗x0β + c∗
∑
i∈N








ఆཧ 4.6. CFM͕ݸਓ߹ཧੑΛຬͨ͢ࣄͱɼߦྻX,TA, TP ʹ͍ͭͯ࣍ͷࣜΛຬͨ͢ࣄ
͸ಉ஋Ͱ͋Δɽ
∀i ∈ N , U¯X,TA,TPi (v∗i |v∗i ) ≥ 0ɽ




i |v∗i ) ≥ 0







∀i ∈ N , U¯X,TA,TPi (v∗i |v∗i ) ≥ 0
Ͱ͋Δɽ
࣍ʹɼC–truthful ʹ͍ͭͯߟ͑Δɽ
ఆཧ 4.7. CFM͕ C–truthful Ͱ͋Δͱɼߦྻ X,TA, TP ʹ͍ͭͯ࣍ͷࣜΛຬͨ͢ࣄ͸
ಉ஋Ͱ͋Δɽ





ূ໌. CFM͕ C–truthful Ͱ͋Δͱ͸ɼධՁ vi Λਃࠂͨ͠ސ٬ i ∈ N ͷظ଴རಘʹ͍ͭ
ͯɼෆ౳ࣜ U¯(v∗i |v∗i ) ≥ U¯(v∗ci |v∗i ) Λຬͨ͢͜ͱΛ͍͏ɽߦྻX,TA, TP ʹ͓͍ͯɼධՁ




ఆཧ 4.8. ϞϥϧϋβʔυΛߟྀ͠ͳ͍৔߹ɼCFM ͕ E–truthful Ͱ͋Δࣄͱɼߦྻ
X,TA, TP ʹ͍ͭͯɼ࣍ͷࣜΛຬͨ͢ࣄ͸ಉ஋Ͱ͋Δɽ
∀(I, c) ∈ K, Π˜X,TA,TP ((I∗, c∗)|(I∗, c∗)) ≥ Π˜X,TA,TP ((I, c)|(I∗, c∗))ɽ
ূ໌. CFM ͕ E–truthful Ͱ͋Δͱ͸ɼىۀՈʹͱͬͯਖ਼௚ਃࠂ͕࠷ྑͷઓུͰ͋Δࣄ
Λ͢͞ɽϞϥϧϋβʔυΛߟྀ͠ͳ͍ͱ͖ɼߦྻX,TA, TP ʹΑΔىۀՈ͕ίετ (I, c)
Λਃࠂͨ͠ͱ͖ͷظ଴རಘ͸ɼΠ˜X,T
A,TP ((I, c)|(I∗, c∗))Ͱ͋Δɽ
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Ҏ্Λ༻͍ͯɼΫϥ΢υϑΝϯσΟϯά (K,N , (I∗, c∗),v∗,CFM)ʹ͓͚Δɼ࣮ߦՄೳ










iβ) ≥ I∗x0β + c∗
∑
i∈N


















i |v∗i ), ∀i ∈ N ,
Π˜X,T
A,TP ((I∗, c∗)|(I∗, c∗)) ≥ Π˜X,TA,TP ((I, c)|(I∗, c∗)), ∀(I, c) ∈ K,
X ∈ {0, 1}(n+1)×|S| ,
TA ∈ Rn×|S|+ ,
TP ∈ Rn×|S|+ ɽ
(26)
4.2 ղੳ




























i |v∗i ) ≥ 0, ∀i ∈ N
X ∈ {0, 1}(n+1)×|S| ,
TA ∈ Rn×|S|+ ,
TP ∈ Rn×|S|+ ɽ
(27)
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≥ I∗x0β + c∗
∑
i∈N









i |v∗i ) ≥ 0, ∀i ∈ N
X ∈ {0, 1}(n+1)×|S| ,
TA ∈ Rn×|S|+ ,
TP ∈ Rn×|S|+ ɽ
(29)
໰୊ ⟨FIMIP ⟩͸ࣗ໌ͳղ (X,TA, TP ) = (O(n+1)×|S|, On×|S|, On×|S|)Λ͕࣋ͭɼຊݚ
ڀʹ͓͚Δڵຯ͸ɼ⟨FIMIP ⟩ ͕ඇࣗ໌ͳղΛ͔࣋ͭͲ͏͔Ͱ͋Δɽ໰୊ ⟨FIMIP ⟩ Λ






























≥ I∗x0β + c∗
∑
i∈N









i |v∗i ) ≥ 0, ∀i ∈ N
X ∈ [0, 1](n+1)×|S|,
TA ∈ Rn×|S|+ ,











s.t. I∗θβ + I∗ιβ − nκβ + δ0β ≥ 0, ∀β ∈ S,
c∗ιβ + κβ − v
∗
i
2n−1|K|λi + δiβ ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗i ),
c∗ιβ + κβ + δiβ ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗ci ),
−θβ − ιβ + 12n−1|K|λi ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗i ),
θβ = 0, ιβ = 0, ∀i ∈ N , ∀β ∈ S(i, v∗ci ),
θβ ≥ 0, ∀β ∈ S,
ιβ ≥ 0, ∀β ∈ S,
κβ ≥ 0, ∀β ∈ S,
λi ≥ 0, ∀i ∈ N ,
δiβ ≥ 0, ∀i ∈ ∀i ∈ {0} ∪N , ∀β ∈ Sɽ
(31)
͜͜Ͱɼ |S| ࣍ݩϕΫτϧ θ, ι,κ ΛͦΕͧΕ θ = (θ1, . . . , θ|S|), ι = (ι1, . . . , ι|S|),κ =
(κ1, . . . ,κ|S|)ͱ͠ɼn࣍ݩϕΫτϧ λΛ λ = (λ1, . . . ,λn)Tɼߦྻ ∆ ∈ R(n+1)×|S|+ Λ
∆ =
⎡⎢⎣δ01 . . . δ0|S|... . . . ...
δn1 · · · δn|S|
⎤⎥⎦
ͱදه͢Δɽೋऀ୒Ұͷఆཧ 2.1 ʹରԠ͢Δ ⟨DFILP ⟩ ͷڐ༰ղͷू߹Λߟ͑Δɽ͜͜
Ͱɼδiβ ͷඇෛ੍໿ΑΓɼ೚ҙͷ i ∈ {0} ∪N ͱ೚ҙͷ β ∈ S ʹ͍ͭͯɼδiβ ≥ 0Ͱ͋Δɽ











I∗θβ + I∗ιβ − nκβ + δ0β ≥ 0, ∀β ∈ S,
c∗ιβ + κβ − v
∗
i
2n−1|K|λi + δiβ ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗i ),
c∗ιβ + κβ + δiβ ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗ci ),
−θβ − ιβ + 12n−1|K|λi ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗i ),
θβ = 0, ιβ = 0, ∀i ∈ N , ∀β ∈ S(i, v∗ci ),
θβ ≥ 0, ∀β ∈ S,
ιβ ≥ 0, ∀β ∈ S,
κβ ≥ 0, ∀β ∈ S,
λi ≥ 0, ∀i ∈ N ,
δiβ ≥ 0, ∀i ∈ {0} ∪N , ∀β ∈ S,




ิ୊ 2.1ΑΓɼ⟨FILP ⟩ͷ಺఺ڐ༰ղͷू߹ͱɼࣜ (32)Ͱఆٛ͞ΕΔू߹ DFILP ͷؒ
ʹ͸ͲͪΒҰํ͕ඞͣ੒Γཱͭɽ
• FILP ͕ۭɼ͔ͭ DFILP ͸ඇۭͰ͋Δɽ
• FILP ͕ඇۭɼ͔ͭ DFILP ͸ۭͰ͋Δɽ
શͯͷސ٬͕ࣄۀΛධՁ͍ͯ͠Δ ∀i ∈ N , v∗i = 1ͷ৔߹ʹ͍ͭͯɼ࣍ͷิ୊Λࣔ͢ɽ
ิ୊ 4.3. ∀i ∈ N , v∗i = 1ͷͱ͖ɼDFILP ͸ۭͰ͋Δɽ
ূ໌. ໨తؔ਺஋͕ 0 Ͱ͋ΔΑ͏ͳ ⟨DFILP ⟩ ͷղΛߏ੒͠ɼͦΕ͕ݪ఺ͷΈͰ͋Δࣄ
Λࣔ͢ɽೖྗ β ∈ S ΛҎԼͷࡾͭͷ͍ͣΕ͔ͷ৔߹ʹ෼͚Δɽ
৔߹ 1 ސ٬શһ͕ӕͷਃࠂΛͯ͠Δೖྗ β ∈ ⋂i∈N S(i, v∗ci )ɽ
৔߹ 2 ސ٬શһ͕ਖ਼௚ͳਃࠂΛ͍ͯ͠Δೖྗ β ∈ ⋂i∈N S(i, v∗i )ɽ
৔߹ 3 ্هҎ֎ͷೖྗ β ∈ S \ (
⋂
i∈N




ͦΕͧΕͷ βʹରͯ͠༗ޮͳํఔࣜΛ·ͱΊΔɽ৔߹ 1ͷೖྗ βʹؔͯ͠ɼ(θ, ι,κ,λ,∆)
͕ DFILP ͷཁૉͰ͋ΔͨΊʹ͸ɼ(θβ , ιβ ,κβ ,λ,0n+1)͕ҎԼͷෆ౳ࣜܥΛຬͨ͢ඞཁ
͕͋Δɽ
I∗θβ + I∗ιβ − nκβ ≥ 0, (33)
c∗ιβ + κβ ≥ 0, ∀i ∈ N , (34)
θβ = 0, ιβ = 0, (35)
θβ ≥ 0, (36)
ιβ ≥ 0, (37)
κβ ≥ 0, (38)
λi ≥ 0, ∀i ∈ Nɽ (39)
ࣜ (35)Λࣜ (33)ʹ୅ೖ͢Δͱ
ࣜ (33) = I∗ · 0 + I∗ · 0− nκβ
= −nκβ ≥ 0
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Ͱ͋Δɽࣜ (38)ΑΓɼκβ = 0Ͱ͋ΓɼҎԼ͕ಘΒΕΔɽ
θβ = ιβ = κβ = 0,
λi ≥ 0, ∀i ∈ Nɽ (40)
৔߹ 3 ͷೖྗ β ʹؔͯ͠ɼ(θ, ι,κ,λ,∆) ͕ DFILP ͷཁૉͰ͋ΔͨΊʹ͸ɼ
(θβ , ιβ ,κβ ,λ,0n+1) ͕ҎԼͷෆ౳ࣜΛຬͨ͢ඞཁ͕͋Δɽ͜͜Ͱɼβ ʹ͓͍ͯɼӕͷਃ
ࠂΛߦ͍ͬͯΔސ٬ͷू߹Λ Jβ =
{
j ∈ N ∣∣β ∈ S(j, v∗cj ) } ͱ͠ɼN \ Jβ Ͱ β ʹ͓͍
ͯਖ਼௚ͳਃࠂΛ͍ͯ͠Δސ٬ͷू߹Λද͢ɽ
I∗θβ + I∗ιβ − nκβ ≥ 0 (41)
c∗ιβ + κβ − v
∗
i
2n−1|K|λi ≥ 0, ∀i ∈ N \ Jβ (42)
c∗ιβ + κβ ≥ 0, ∀i ∈ Jβ (43)
− θβ − ιβ + 1
2n−1|K|λi ≥ 0, ∀i ∈ N \ Jβ (44)
θβ = 0, ιβ = 0, (45)
θβ ≥ 0, (46)
ιβ ≥ 0, (47)
κβ ≥ 0, (48)
λi ≥ 0, ∀i ∈ Nɽ (49)
ࣜ (45)Λࣜ (41)ʹ୅ೖ͢ΔͱҎԼͷࣜΛಘΔɽ
ࣜ (41) = −nκβ ≥ 0 (50)
͜͜Ͱɼࣜ (48)ΑΓ κβ = 0Ͱ͋Δɽ͜ΕΛࣜ (42)ʹ୅ೖ͢Δͱɼ
ࣜ (42) = − v
∗
i
2n−1|K|λi ≥ 0 (51)










=⇒ λi = 0 (52)
Ͱ͋ΔɽҎ্ΑΓɼ
θβ = ιβ = κβ = 0,
λi = 0, ∀i ∈ N \ Jβ
∀i ∈ Jβ ,λi ≥ 0
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ΛಘΔɽ͜͜Ͱɼλi ͸ β ʹґΒͳ͍ࣄͱɼ೚ҙͷ i ʹ͍ͭͯɼi ∈ Jβ ͱͳΔΑ͏ͳ
β ∈ S \ (
⋂
i∈N




∀i ∈ N ,λi = 0 (53)
Ͱ͋Γɼ
θβ = ιβ = κβ = 0
λi = 0, ∀i ∈ N (54)
Ͱ͋Δɽ
৔߹ 2 ͷೖྗ β ʹؔͯ͠ɼ(θ, ι,κ,λ,∆) ͕ DFILP ͷཁૉͰ͋ΔͨΊʹ͸ɼ
(θβ , ιβ ,κβ ,λ,0n+1)͕ҎԼͷෆ౳ࣜΛຬͨ͢ඞཁ͕͋Δɽ
I∗θβ + I∗ιβ − nκβ ≥ 0, (55)
c∗ιβ + κβ − v
∗
i
2n−1|K|λi ≥ 0, ∀i ∈ N , (56)
− θβ − ιβ + 1
2n−1|K|λi ≥ 0, ∀i ∈ N , (57)
θβ ≥ 0, (58)
ιβ ≥ 0, (59)
κβ ≥ 0, (60)
λi ≥ 0, ∀i ∈ N (61)
λi ͷ஋͸ β ʹґΒͳ͍ͷͰɼࣜ (53)Λࣜ (57)ʹ୅ೖ͢Δͱ
ࣜ (57) = −θβ − ιβ − 1
2n−1|K| · 0
= −θβ − ιβ ≥ 0 (62)
Ͱ͋Δɽθβ , ιβ ͷඇෛ੍໿͔Βɼ
− θβ − ιβ ≥ 0
⇐⇒ θβ = ιβ = 0 (63)
Ͱ͋Δɽࣜ (55)ʹࣜ (63)Λ୅ೖ͢Δͱ
ࣜ (55) = I∗ · 0 + I∗ · 0− nκβ
= −nκβ ≥ 0 (64)
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Ͱ͋Δɽࣜ (60)ͷඇෛ੍໿͔Βɼκβ = 0Ͱ͋ΔɽΑͬͯɼҎԼΛಘΔɽ
θβ = ιβ = κβ = 0ɽ (65)
ࣜ (40)ɼࣜ (54)ɼࣜ (65)ΑΓɼ໨తؔ਺஋ 0Λ༩͑Δղ͸ɼ




v∗i = nͷͱ͖ɼDFILP ͸ۭͰ͋Δɽ
34
ଓ͍ͯɼ∃i ∈ N , v∗i = 0ͷ৔߹ʹ͍ͭͯҎԼΛࣔ͢ɽ
ิ୊ 4.4. ∃i ∈ N , v∗i = 0ͷͱ͖ɼDFILP ͸ඇۭͰ͋Δɽ






0 if v∗i = 1
ϵ if v∗i = 0
, ∀i ∈ N ,
∆ = O(n+1)×|S|
(66)




δiβ = 0, (67)
I∗θβ + I∗ιβ − nκβ + δ0β ≥ 0, ∀β ∈ S, (68)
c∗ιβ + κβ − v
∗
i
2n−1|K|λi + δiβ ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v
∗
i ), (69)
c∗ιβ + κβ + δiβ ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v∗ci ), (70)
− θβ − ιβ + 1
2n−1|K|λi ≥ 0, ∀i ∈ N , ∀β ∈ S(i, v
∗
i ), (71)
θβ = 0, ιβ = 0, ∀i ∈ N , ∀β ∈ S(i, v∗ci ), (72)
θβ ≥ 0, ∀β ∈ S, (73)
ιβ ≥ 0, ∀β ∈ S, (74)
κβ ≥ 0, ∀β ∈ S, (75)
λi ≥ 0, ∀i ∈ N , (76)
δiβ ≥ 0, ∀i ∈ {0, 1, . . . , n},β ∈ S (77)
Ͱ͋ΔͨΊɼࣜ (66) Λ੍֤໿ʹ୅ೖ֬͠ೝ͢Δɽࣜ (67) ʹؔͯ͠͸ɼࣗ໌Ͱ͋Δɽࣜ
(68)ʹ͍ͭͯɼࣜ (66)Λ୅ೖͯ͠ܭࢉ͢Δͱɼ
ࣜ (68) = I∗ · 0 + I∗ · 0− n · 0 + 0
= 0 ≥ 0
ʹͳΔɽࣜ (69)ʹ͍ͭͯɼࣜ (66)Λ୅ೖͯ͠ܭࢉ͢Δͱɼ
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• v∗i = 0Ͱ͋Δ i ∈ N ʹ͍ͭͯɼ
ࣜ (69) = c∗ · 0 + 0− 0
2n−1|K|ϵ+ 0
= 0 ≥ 0
ͱͳΔɽ
• v∗i = 1Ͱ͋Δ i ∈ N ʹ͍ͭͯɼ
ࣜ (69) = c∗ · 0 + 0− 1
2n−1|K| · 0 + 0
= 0 ≥ 0
ͱͳΔɽ
ࣜ (70)ʹ͍ͭͯɼࣜ (66)Λ୅ೖͯ͠ܭࢉ͢Δͱɼ೚ҙͷ i ∈ N ,β ∈ S(i, v∗ci )ʹ͍ͭͯɼ
ࣜ (70) = c∗ · 0 + 0 + 0
= 0 ≥ 0
ͱͳΔɽࣜ (71)ʹ͍ͭͯɼࣜ (66)Λ୅ೖͯ͠ܭࢉ͢Δͱɼ
• v∗i = 0Ͱ͋Δ i ∈ N ʹ͍ͭͯɼ 12n−1|K| > 0, ϵ > 0ʹ஫ҙ͢Δͱ







• v∗i = 1Ͱ͋Δ i ∈ N ʹ͍ͭͯɼ
ࣜ (71) = −0− 0 + 1
2n−1|K|0









0 if v∗i = 1
ϵ if v∗i = 0
, ∀i ∈ N ,
∆ = O(n+1)×|S|
͸ DFILP ͷཁૉͰ͋Δɽ







͔͢Ͳ͏͔ͷҙࢥܾఆΛ͢Δɽ͜ͷͱ͖ɼىۀՈ͸ظ଴རಘ Π0(T |(I, c), (I∗, c∗))Λܭࢉ
͢Δɽࣄલૹۚ T Λड͚ͱͬͨޙʹىۀՈ͕ҙࢥܾఆΛߦ͏ͱ͍͏ߏ଄Λදͨ͢Ίɼؼ
݁ϕΫτϧ xͱࣄલૹۚϕΫτϧ ta Λܾఆͨ͠ޙɼࣄޙૹۚϕΫτϧ tp ΛܾΊΔɽ͢ͳ
ΘͪɼϞϥϧϋβʔυΛߟྀͨ͠৔߹ͷΫϥ΢υϑΝϯσΟϯάΛ̎ͭͷઢܗγεςϜͰ
දݱ͢Δɽ
͸͡ΊʹɼىۀՈͷظ଴རಘ Π0(T |(I, c), (I∗, c∗))Λܭࢉ͢ΔͨΊʹඞཁͳॾఆཧΛࣔ
͢ɽ·ͣɼىۀՈͷਅͷίετ (I∗, c∗) ʹର͠ɼίετ (I, c) ∈ K Λਃࠂ͠ɼࣄલૹۚ
T ∈ τ(I, c)Λಘͨͱ͖ɼࣄۀΛߦͬͨىۀՈ͕ಘΔظ଴རಘ͸
Π¯0(T |(I, c), (I∗, c∗)) =
∑
v∈V (T |(I,c))





v′∈V (T |(I,c)) π(v
′)











|V (T |(I, c))|
∑
v∈V (T |(I,c))
Π((I, c),v|(I∗, c∗)) (81)
Ͱ͋Δɽ͜ΕΛ༻͍ͯɼࣄલૹۚʹ͍ͭͯҎԼͷੑ࣭Λࣔ͢ɽ














∣∣∣∣∣v ∈ V , R˜M0((I, c),v) = 1
}
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Ͱ͋Δɽೖྗ ((I, c),v) ʹରԠ͢Δ CFM ͷग़ྗ͢ΔىۀՈͷؼ݁ͱސ٬ i ∈ N ͷࣄલ
ૹۚΛɼߦྻ X,TA Ͱද͢ͱɼ
R˜M0((I, c),v) = x0β ,
P˜M
a
i ((I, c),v) = t
a
iβ
Ͱ͋Δɽ͜͜ͰɼىۀՈ͕ίετ (I, c) Λਃࠂ͍ͯ͠Δೖྗͷू߹͸ɼS(I, c) Ͱ͋Δɽ






∣∣∣∣∣β ∈ S(I, c), x0β = 1
}
Ͱ͋Δɽ












࣍ʹɼίετ (I, c)ͱࣄલૹۚ T Λ༩͑ΔධՁϕΫτϧͷू߹ V (T |(I, c))ͷཁૉ v ͔
Βߏ੒͞ΕΔೖྗͷ૊ ((I, c),v)ʹରԠ͢ΔΠϯσοΫεͷू߹ΛҎԼʹࣔ͢ɽ




(T |(I, c)) =
{
β ∈ S(I, c)
∣∣∣∣∣∑
i∈N






ূ໌. ىۀՈ͕ίετ (I, c) Λਃࠂͨ͠ͱ͖ࣄલૹ͕ۚ T ʹͳΔΑ͏ͳධՁϕΫτϧ v
ͷू߹ V (T |(I, c))͸ɼఆٛΑΓ







i ((I, c),v) = T ∧ R˜M0((I, c),v) = 1
}
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Ͱ͋Δɽೖྗ ((I, c),v) ʹରԠ͢Δ CFM ͷग़ྗ͢ΔىۀՈͷؼ݁ͱސ٬ i ∈ N ͷࣄલ
ૹۚΛɼΠϯσοΫε β = f((I, c),v)Λ༻͍ͯߦྻ X,TA Ͱද͢ͱɼ
R˜M0((I, c),v) = x0β ,
P˜M
a




Ҏ߱ɼSX(I, c) = { β ∈ S(I, c) | x0β = 1 }ͱ͢ΔɽҎ্Λ༻͍ͯɼىۀՈͷਅͷίε
τ (I∗, c∗)ʹର͠ɼىۀՈ͕ίετ (I, c) ∈ KΛਃࠂ͠ɼT Λಘͨͱ͖ɼࣄۀΛߦͬͨى
ۀՈͷظ଴རಘΛߦྻ X,TA, TP Ͱදݱ͢Δͱɼ















ͱͳΔɽߦྻX,TA, TP Λ༻͍ͯɼىۀՈͷਅͷίετ (I∗, c∗)ʹର͠ɼىۀՈ͕ίετ
(I, c) ∈ KΛਃࠂ͠ T Λಘͨͱ͖ɼࣄۀΛߦͬͨىۀՈͷظ଴རಘΛɼ
Π¯X,T
A,TP
















্ͷఆٛΛ༻͍ͯ obedient ੑΛߦྻ X,TA, TP Ͱදݱ͢Δɽ
ఆཧ 5.3. CFM͕ obedient ੑΛຬͨ͢ࣄͱɼߦྻ X,TA, TP ͕࣍ͷෆ౳ࣜΛຬͨ͢͜
ͱ͸ಉ஋Ͱ͋Δɽ
∀T ∈ TX,TA(I, c),
Π¯X,T
A,TP
0 (T |(I, c), (I∗, c∗)) ≥ αTɽ
ূ໌. CFM͕ obedient ੑΛຬͨ͢ͱ͸ɼ
∀T ∈ τ((I∗, c∗)), Π¯0(T |(I∗, c∗), (I∗, c∗)) ≥ αT
Λຬͨ͢͜ͱͰ͋Δɽίετ (I, c)Λਃࠂ͠ɼࣄલૹۚ T ΛಘͨىۀՈͷظ଴རಘΛߦྻ
X,TA, TP Ͱද͢ͱɼΠ¯X,T
A,TP
0 (T |(I, c), (I∗, c∗))Ͱ͋Δɽ
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ͭ͗ʹɼىۀՈͷਅͷίετ (I∗, c∗)ʹର͠ɼίετ (I, c)Λએݴͨ͠ͱ͖ͷظ଴རಘ
΋ߦྻ X,TA, TP Λ༻͍ͯදݱ͢Δɽ
ఆཧ 5.4. ىۀՈͷਅͷίετ (I, c)ʹରͯ͠ɼίετ (I, c)Λਃࠂͨ͠ͱ͖ͷظ଴རಘ
͸ɼ࣍ͷࣜͱಉ஋Ͱ͋Δɽ

















ূ໌. ىۀՈͷਅͷίετ (I, c)ʹରͯ͠ɼίετ (I, c)Λਃࠂͨ͠ͱ͖ͷظ଴རಘ͸ɼ
Π¯((I, c)|(I∗, c∗)) =
∑
T∈τ(I,c)





Ͱ͋ΔɽୈҰ߲ʹ͍ͭͯɼP (T |(I, c)) =∑v∈V (T |(I,c)) π(v)Ͱ͋Δ͜ͱʹ஫ҙ͢Δͱɼ∑
T∈τ(I,c)










0 (T |(I, c), (I∗, c∗)),αT
}
Ͱ͋Δɽ͜͜ͰɼىۀՈͷਃࠂͨ͠ίετ (I, c)ͱධՁϕΫτϧ v ∈
{
v
∣∣∣˜RM0((I, c),v) = 0 }

















͞ΒʹɼϞϥϧϋβʔυΛߟྀͨ͠৔߹ͷ E–truthful Λߦྻ X,TA, TP Ͱද͢ɽ
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ఆཧ 5.5. CFM͕ E–truthfuldͰ͋Δ͜ͱͱɼߦྻX,TA, TP ͕ҎԼͷෆ౳ࣜΛຬͨ͢
ࣄ͸ಉ஋Ͱ͋Δɽ
∀(I, c) ∈ K, Π¯X,TA,TP ((I∗, c∗)|(I∗, c∗)) ≥ Π¯X,TA,TP ((I, c)|(I∗, c∗))ɽ
ূ໌. CFM͕ E–truthful Ͱ͋Δͱ͸ɼىۀՈʹͱͬͯਖ਼௚ʹਃࠂ͢Δ͜ͱ͕࠷ྑͷઓུ
Ͱ͋ΔࣄΛҙຯ͢Δɽߦྻ X,TA, TP ʹ͓͍ͯɼىۀՈ͕ίετ (I, c) Λએݴͨ͠ͱ͖
ͷظ଴རಘ͸ɼΠ¯X,T
A,TP (((I, c))|(I∗, c∗))Ͱ͋ΔͷͰɼ೚ҙͷίετ (I, c)ʹରͯ͠ɼ
Π¯X,T
A,TP ((I∗, c∗)|(I∗, c∗)) ≥ Π¯X,TA,TP ((I, c)|(I∗, c∗))
Ͱ͋Δɽ
CFM ͕ obedient Ͱ͋Δͱ͖ɼىۀՈ͸ਖ਼௚ਃࠂΛͨ͠ࡍʹϞϥϧϋβʔυΛى͜͢
͜ͱ͸ͳ͍ɽނʹɼਖ਼௚ͳਃࠂΛ͍ͯ͠ΔىۀՈͷظ଴རಘ Π¯X,T
A,TP ((I∗, c∗)|(I∗, c∗))
͸ɼਖ਼௚ͳਃࠂΛߦ͍ࣄۀΛߦ͏ىۀՈͷظ଴རಘ Π˜X,T
A,TP ((I∗, c∗)|(I∗, c∗)) ʹ౳͠
͍ɽΑͬͯɼCFM ͕ obedient Ͱ͋Δͱ͖ɼCFM ͕ E–truthful Ͱ͋Δ͜ͱͱɼߦྻ
X,TA, TP ͕ɼ೚ҙͷίετ (I, c)ʹ͍ͭͯҎԼͷෆ౳ࣜΛຬͨ͢͜ͱ͸ಉ஋Ͱ͋Δɽ
Π˜X,T
A,TP ((I∗, c∗)|(I∗, c∗)) ≥ Π¯X,TA,TP (((I, c))|(I∗, c∗))ɽ
ىۀՈͷظ଴རಘ Π¯X,T
A,TP (((I, c))|(I∗, c∗))͸ɼmaxͷԋࢉΛؚΉͨΊɼઢܗํఔࣜͰ
͸ͳ͍ɽىۀՈͷظ଴རಘ Π¯X,T



























0 (T |(I, c), (I∗, c∗)), ZT ≥ αTɽ
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0 (T |(I, c), (I∗, c∗)),αT
}
Ͱ͋Δɽ
͜ͷ ZT Λ༻͍ͯɼCFM͕ obedient Ͱ͋Δͱ͖ɼCFM͕ E–truthful Ͱ͋ΔࣄΛද͢ɽ














∀(I, c) ∈ K, ∀T ∈ TX,TA(I, c), ZT ≥ Π¯X,T
A,TP
0 (T |(I, c), (I∗, c∗)),
∀(I, c) ∈ K, ∀T ∈ TX,TA(I, c), ZT ≥ αTɽ













xiβ , ∀β ∈ S,
X ∈ {0, 1}(n+1)×|S| ,
TA ∈ Rn×|S|+ .
͜͜ͰɼI∗, c∗ ͸ఆ਺Ͱ͋Δɽ⟨TAP ⟩ͷղX ͷू߹ΛX ͱ͠ɼղ TA ͷू߹Λ T A ͱ











iβ) ≥ I∗x0β + c∗
∑
i∈N














i |v∗i ), ∀i ∈ N ,
Π¯X,T
A,TP

















A,TP (β|(I∗, c∗)), ∀(I, c) ∈ K,
ZT ≥ Π¯X,T
A,TP
0 (T |(I, c), (I∗, c∗)), ∀(I, c) ∈ K, ∀T ∈ TX,T
A
(I, c),
ZT ≥ αT, ∀(I, c) ∈ K, ∀T ∈ TX,TA(I, c),
TP ∈ Rn×|S|+ ,
ZT ∈ R+, ∀(I, c) ∈ K, ∀T ∈ TX,TA(I, c)ɽ




X,TA(I, c) Λ༻͍ͯɼϕΫτϧ Z = (ZT )T∈T ͱ͢Δɽ⟨TPP ⟩ Λ࣮ߦ
Մೳͱ͢ΔX,TA ͱͦͷ໰୊ ⟨TPP ⟩ͷղ TP ͸ɼ੍໿͔Β࣮ߦՄೳੑɼݸਓ߹ཧੑɼ༠
Ҽཱ྆ੑΛຬͨ͢ɽ͕ͨͬͯ͠ɼ໰୊ ⟨TAP ⟩ͷղ X,TA ͱ X,TA Λ༻͍ͯಘΒΕΔ໰
୊ ⟨TPP ⟩ͷղ TP ΛٻΊΔ͜ͱͰ࣮ߦՄೳͳϝΧχζϜΛಘΔ͜ͱ͕Ͱ͖Δɽ
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ू߹ C ⊆ Rn ʹ͍ͭͯɼ
∀u, s ∈ C, ∀α ∈ [0, 1],αu+ (1− α)s ∈ C
͕੒ΓཱͭͳΒ͹ɼC Λತू߹ͱݺͿɽ
ू߹K ⊆ Rn ͕ਲ਼Ͱ͋Δͱ͸ɼ೚ҙͷ u ∈ K,λ > 0ʹ͍ͭͯɼλu ∈ K Ͱ͋ΔࣄΛ͍
͏ɽ·ͨɼਲ਼K ͷ૒ରਲ਼͸ɼू߹
{
m ∈ Rn ∣∣∀u ∈ K,uTm ≥ 0 }ͱఆٛ͞ΕɼK∗ Ͱ
දه͞ΕΔɽಛʹɼਲ਼ K ͱͦͷ૒ରਲ਼͕Ұக͢Δ࣌ɼਲ਼ K Λࣗݾ૒ରਲ਼ͱݺͿɽRn++
ͷ૒ରਲ਼͸ Rn+ Ͱ͋Δɽ࣮ࡍɼRn+ ͷ೚ҙͷཁૉ u͸ ∀s ∈ Rn++, sTu ≥ 0Ͱ͋Δɽ
ತू߹ʹ͓͍ͯɼ࣍ͷ෼཭ఆཧ͕஌ΒΕ͍ͯΔɽ
ఆཧ ෇࿥ A.1. ۭͰͳ͍ޓ͍ʹૉͳತू߹ C,E ⊆ Rn ʹ͍ͭͯɼ͋Δ y ∈ Rn,y ̸= 0n
͕ଘࡏ͠ɼ




ߦྻ A ∈ Rm×n ͱ m ࣍ݩϕΫτϧ b ʹ͍ͭͯߟ͑ΔɽຊݚڀͰѻͬͨೋऀ୒Ұͷ
ఆཧ 2.1 Λࣔ͢ɽ͜͜Ͱɼू߹ P Λ {s ∈ Rn|As > b, s > 0n} ͱఆٛ͠ɼू߹ D Λ
{u ∈ Rm|ATu ≤ 0n, bTu ≥ 0,u ≥ 0m,u ̸= 0m}ͱఆٛ͢Δɽೋऀ୒ҰͷఆཧΛू߹ P
ͱ D ʹద༻͢Δͱɼ
• P = ∅ =⇒ D ̸= ∅ɽ
• D = ∅ =⇒ P ̸= ∅ɽ
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Ͱ͋Δɽೋऀ୒ҰͷఆཧΛࣔ͢ҝʹɼ࣍ͷิ୊Λࣔ͢ɽ
ิ୊ ෇࿥A.1. P = ∅ ∨D = ∅ɽ
ূ໌. P ̸= ∅ ∧ D ̸= ∅ͱԾఆ͢Δɽs ∈ P ͱ u ∈ D Λ༻͍ͯࣜ uT (As− b)ʹ͍ͭͯߟ
͑Δɽs ∈ P ͳͷͰɼ(As− b) > 0mɽ·ͨɼu ∈ D ΑΓɼu ̸= 0mɼ͔ͭ u ≥ 0m Ͱ͋
ΔͨΊɼuT (As− b) > 0Ͱ͋Δɽߋʹɼࣜ uT (As− b)Λల։ͯ͠ɼ
uT (As− b) = uTAs− uT b
= (ATu)Ts− uT b
Ͱ͋Δɽ͜͜ͰɼATu ≤ 0n ͔ͭ s > 0n ΑΓɼ(ATu)Ts ≤ 0Ͱ͋ΔɽbTu ≥ 0ΑΓɼ
(ATu)Ts− uT b ≤ 0Ͱ͋Δɽ͜Ε͸ (ATu)Ts− uT b > 0ʹໃ६͢Δɽ
ิ୊ ෇࿥A.2. P = ∅ =⇒ D ̸= ∅ɽ
ূ໌. m ࣍ݩϕΫτϧͷू߹ A = {As− b | s > 0n } Λߟ͑Δɽ͜͜ͰɼP ͕ۭͰ͋
ΔͨΊɼ∃i ∈ [m],∑nj=1 aijsj ≤ bi ⇐⇒ ∑nj=1 aijsj − bi ≤ 0 Ͱ͋Δ. Rm++ = {c ∈
Rm|∀i ∈ [m], ci > 0}ΑΓɼA ∩ Rm++ = ∅Ͱ͋Δɽ෼཭ఆཧΑΓɼ͋Δ y ̸= 0m ͕ଘࡏ
͠ɼ∀w ∈ A, ∀v ∈ Rm++,yTw ≤ yTv ͕੒Γཱͭɽ
͜͜Ͱɼޙͷٞ࿦ͷҝʹ ∀v ∈ Rm++,yTv ≥ 0 Ͱ͋ΔࣄΛ͓ࣔͯ͘͠ɽ
∃v ∈ Rm++,yTv < 0ΛԾఆ͢ΔɽԾఆΑΓɼ೚ҙͷ λ > 0Λ༻͍ͯɼλyTv < 0Ͱ͋Δɽ




∣∣v ∈ Rm+ }͕Լʹ༗քͰ͋Δ͜ͱʹໃ६͢ΔɽΑͬͯɼyTv ≥ 0Ͱ͋Δɽ
∀v ∈ Rm++,yTv ≥ 0ΑΓɼy ͸ Rm++ ͷ૒ରਲ਼ Rm∗++ ʹؚ·ΕΔɽRm∗++ ͷ૒ରਲ਼͸ Rm+
ͳͷͰɼy ∈ Rm+ Ͱ͋Δɽ
͕ͨͬͯ͠ɼ
∀w ∈ A,yTw ≤ 0
⇐⇒ ∀s > 0n,yT (As− b) ≤ 0
⇐⇒ ∀s > 0n, (ATy)Ts ≤ yT bɽ
͜͜Ͱɼ(ATy)Ts ≤ 0 Λࣔ͢ɽ∃s > 0n, (ATy)Ts > 0 ͱԾఆ͢Δɽ೚ҙͷਖ਼ͷ࣮
਺ λ Λ༻͍ΔࣄͰ (ATy)Tλs Λ͍͘ΒͰ΋େ͖͘͢Δ͜ͱ͕Ͱ͖Δɽλs > 0n ΑΓ{
(ATy)Ts
∣∣s > 0n } ্͕ʹ༗քͰ༗Δ͜ͱʹໃ६͢ΔɽΑͬͯɼ(ATy)Ts ≤ 0 Ͱ͋
Δɽs > 0n ΑΓɼATy ≤ 0n Ͱ͋ΓɼbTy ≥ 0Ͱ͋Δɽ͕ͨͬͯ͠ɼy ͸ DͷཁૉͰ͋
Δɽ
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ิ୊ ෇࿥A.3. D = ∅ =⇒ P ̸= ∅ɽ
ূ໌. P = ∅ ͷ৔߹Λߟ͑Δɽิ୊෇࿥ A.2 ΑΓɼD ̸= ∅ Ͱ͋Δɽ͜Ε͸લఏʹໃ६͢
Δɽ
ิ୊෇࿥ A.1ɼิ୊෇࿥ A.2ɼิ୊෇࿥ A.3ΑΓɼೋऀ୒Ұͷఆཧ͸ࣔ͞Εͨɽ
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